. NPD pattern for sample Ga20.
. Variation of different parameters as a function of the Ga content: A) Variation of Li1/Li2-O bond length. B) Tetrahedral quadratic elongation of Li1/Li2 polyhedra C) La-O1/O2 bond length D) Zr-O1/O2 bond length Table S1 . Refined fractional atomic coordinates and anisotropic and equivalent isotropic atomic displacement parameters for three selected samples of the LLZO:Ga series having the Ia-3d (Ga10_1) and the I-43d (Ga30_1, Ga40_2) symmetry, for comparison, data for LLZO:Al (Al20_7) with Ia-3d symmetry are given. 
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Crystal chemical considerations
Besides a change in symmetry, the incorporation of Ga 3+ includes several small -but significant -changes in structural chemistry not described in literature so far. As already mentioned in the text, the Li1-O bond length decreases with increasing Ga 3+ substitution, while the Li2-O bond length tends to increase, the same is observed also for the polyhedral volume.Concerning polyhedral distortion, both the tetrahedral quadratic elongation as well as the tetrahedral angle variance are larger at the Li1 tetrahedron, thus it appears to be more distorted as compared to the Li2 tetrahedron. Compared to the tetrahedral site in Ia-3d symmetry, the Li1 is more, the Li2 is less distorted. The substitution of Ga 3+ increases the polyhedral distortion of the Li1 site, while the one of the Li2 site remains almost constant, see Figure S2 . The very same trends can be deduced from the bond angle variance.
When comparing the coordination of La 3+ in the two cubic structure types, it is evident, that there are two different La-O bonds in the Ia-3d structure, while there are 4 different ones in the I-43d structure (resulting from the splitting of the oxygen position of SG Ia-3d in two different oxygen positions O1 and O2 in SG I-43d), two smaller and two larger La-O1 and La-O2 bonds respectively. The smaller La-O1 and La-O2 bonds become evidently different when switching from Ia-3d to I-43d symmetry, see Figure S2 . While the La-O1 bonds remain almost constant, the distance to the O2 oxygen atom becomes shorter; thereby the difference between the two bonds increases up to ~ 0.03 Å. The larger La-O1 and La-O2 bonds are similar to each other at low Ga 3+ concentrations, and do not differ from those in the Ia-3d structure. Increasing the Ga 3+ content does not affect the La-O1 bonds, while a small decrease is found also for the larger La-O2 bond. Due to this, the average La-O bond length decreases slightly with increasing Ga 3+ content, as does the polyhedral volume while the distortion of the La 3+ site remains constant.
In space group Ia-3d, per symmetry there is only one Zr-O bond length, when changing to the I-43d symmetry, the oxygen position splits into two different positions, thus two different Zr-O bonds now are present, Zr-O1 and Zr-O2, which are distinctly different to each other ( Figure S2 ). Even if there is no direct substitution on the Zr 4+ site, there are some small structural adjustments: With increasing Ga 3+ content, the Zr-O2 bond lengths decreases slightly, while the Zr-O1 bond length increases up to x Ga_ref ~ 0.2 pfu., then remaining constant. The polyhedral volume and the average Zr-O bond lengths decrease, the polyhedral distortion increases, which is deducible from both, the octahedral quadratic elongation as well as the octahedral angle variance.
